In recent times, no hormone has fascinated the general public as much as oxytocin (OT). "A dose of human kindness", "love potion", and "liquid trust", are all nicknames that have been given to OT, a neuropeptide naturally secreted in the paraventricular and supraoptic nuclei. And these nicknames unquestionably have an element of truth: An increasing number of studies indicate that OT facilitates social relationships by altering both cognitions and behaviors in a pro-social way 5-8,11-14, . For instance, oxytocin facilitates the encoding and memory of social stimuli 11,13 , improves mind-reading 12 , initates maternal behavior 4 , and substantially increases trust 5-7 and generosity 8 .
trustworthiness of one's peers (increasing our trust in both trustworthy and untrustworthy people) or does OT interact with the context (so that we become trusting only around trustworthy people)?
According to previous studies on animals, effects of OT are far from being linear or context-independent 16 . Namely, OT does not always lead individuals to behave pro-socially. Its effects seem instead to be determined by whether it is adaptive to be trusting in the given context (which largely depends on the trustworthiness of the target of the social interaction). In rodents, the female's OT release after giving birth makes her aggressiveness lessened towards her offspring, but increased towards potentially aggressive female intruders 17, 18 . Thus, if OT is to facilitate both positive social interactions and survival, it should enhance trust but not credulity. Indeed, whereas trust contributes to economic and social success, credulity furthers market inefficiency 19 and social maladaptation 20 . We therefore speculated that OT would make people demonstrate more trust when interacting with trustworthy or neutral peers; conversely, we did not expect OT to have an effect on individuals who were interacting with untrustworthy peers.
We have tested our hypothesis in a customized version of the trust game 21,22 (see Figure 1 ). Sixty participants were either administered OT (experimental group) or a placebo (control group) and then played several rounds of the trust game with different partners, some seemingly more reliable than others. The trust game is a frequently used paradigm in neuroeconomics and behavioral economics, as it reproduces investors' trust dilemma in a lab. Each participant assumed the role of investor and could transfer money to a 'trustee', where it would triple. Subsequently, the trustee transferred all, a part, or none of the money back to the investor (see Methods section). If the investor entrusted the trustee with all of his money, the investor could maximize his profits if the trustee was reliable and fair. Conversely, he could lose everything if the trustee was not fair. The trust game is perfectly suited to establish the investor's level of trust (i.e., the higher the trust, the higher the transfers).
By manipulating the partners' trustworthiness, we have sought to determine to what extent OT impairs one's sensitivity to potential signs of dishonesty. Each participant played with three different types of trustees: seemingly reliable humans, seemingly unreliable humans, and the computer (i.e., fully neutral device). We hypothesized that investors from the OT group would transfer higher average amounts than those from the control group, unless there were hints that the trustee might not be trustworthy.
Analyses revealed that type of trustee strongly influenced the amount that participants invested in the trust game (F = 65.44, p < .001). On average, participants transferred less money to human partners than to the computer (t 59 = -5,75, p < .001).
As illustrated in Second, our data confirmed previous findings that OT substantially increases trusting behaviors (F = 5.76, p = 0.017). As we hypothesized, this effect was nonetheless restricted: There was a significant interaction between the group and the type of trustee (F = 3.29, p = 0.038). Participants who inhaled OT, as opposed to a placebo, transferred more money to reliable trustees, but did not transfer more money to unreliable trustees, revealing that OT does not increase trust when the partner appears unreliable (see Table 1 and Figure 2 ). The effect of OT on trust does not seem to be explainable by mood differences, subjective confidence, affection for human nature, or a perceived difference in condition assignment (all these variables were equal across conditions; see Supplementary Information).
This study is the first to demonstrate the boundary conditions of OT effects on to the interaction. Namely, OT effects would be maximal when the condition appears neutral or favorable (i.e., conditions in which an increase in trust is likely to bring about benefits), and nonexistent when the condition appears shady (i.e., conditions in which an increase in trust is could be detrimental). Thus, the higher the perceived risk, the lower the trust-enhancing effect of OT.
This hypothesis can be further tested using data from two previous studies 5, 6 , which found that oxytocin increased trust in humans but not in computers. If our hypothesis is valid, we should find evidence that participants in these studies perceived the computer condition as more risky than the human condition. Indeed, perhaps due to subtle differences in instruction (Heinrichs, personal communication), participants in previous studies considered it more risky to invest in a computer than in a human being (i.e., regardless of condition, mean transfers to the computer were lower than mean transfers to a human being; cf ). Conversely, in our study, participants considered it less risky to invest in the computer than in a human being (i.e., regardless of condition, mean transfers to the computer were higher than mean transfers to a human being; see Table 1 ). Taken together, these results allow for much more specific predictions about when oxytocin will increase trust and when it will not. Consistent with the moderating hypothesis stated above, it appears that oxytocin does not increase trust if conditions are deemed risky.
Our results have a number of important implications. First, they suggest that OT does not boost pro-social behaviour under all circumstances. Like most of our biological underpinnings, OT has been fine-tuned through natural selection to facilitate survival and adaptation. The fact that OT does so by enhancing peer bonding and interdependence does not preclude that it might have a different effect under conditions in which interdependence could prove harmful. Perhaps OT's effect could even reverse in particularly dangerous conditions. Second, this research shows that oxytocin is far from being the magical trust elixir described in the news, on the Internet, or even by some influential researchers 9 . Marketers, politicians, merchants, and others tempted to use oxytocin should be aware that it does not make people gullible. Our data suggest that OT will increase trust behaviors (e.g. investments, purchases, concessions made during negotiations) if the partner or the deal is perceived as neutral or trustworthy, but that it will not do so if the partner or if the deal looks suspicious.
Methods
Sixty healthy young adult men (M = 21.2, SD = 2.4) were enrolled in the study and randomly assigned to receive either intranasal placebo (PL; n = 30) or oxytocin (OT; n = 30; 32 IU Syntocinon Spray, Novartis, Basel, Switzerland). In order to avoid gender differences in OT response, only males were recruited for the study.
Participants were informed at the time of enrolment that the experiment sought to investigate the effect of a hormone on cognitive and emotional processes. Before substance administration, participants filled in measures of demographics, risk taking, self-esteem, kindness, agreeableness, sociability, emotional competencies, and psychological symptoms, in order to ensure that groups were equal regarding all demographics and personality factors potentially relevant to the study.
The substance (OT or PL) was then inhaled. Owing to the role of social thoughts or experiences in triggering the effects of oxytocin, subjects were then invited to wait for the start of the experiment in front of an excerpt of a movie featuring friendship and camaraderie.
Forty-five minutes after substance inhalation, participants received written instructions for the trust game 21,22 (see Supplementary Information) , which explained the rules of the game and the payment procedure at the end of the experiment. In one part of the game, participants were led to believe that they would play online with real people. Accordingly, they were provided with a brief description of their partner before each round (to ensure plausibility, subjects were also asked to provide such descriptions of themselves upon arrival at the laboratory). In fact, these descriptions were manipulated and pretested to induce either high or low trust (see Supplementary Information). Participants played each round of the trust game (depicted in Figure 1) with one of 10 different partners, of which 5 appeared trustworthy and 5 relatively untrustworthy. In another part of the game, participants were told that they would play 10 rounds with the computer, which would randomly determine the back-transfers.
Participants did not receive any feedback about the back-transfers during the experiment. Before their leaving the laboratory, participants were asked to report on their beliefs about condition assignments, mood, trust and affection for human nature in order to control for confouding factors potentially associated with OT administration.
One outlier was removed, leaving 59 subjects for the analyses (29 in the oxytocin group and 30 in the placebo group). A 2 (condition: oxytocin or placebo) x 3 (Type of target: computer, human high trust, human low trust) mixed model was then performed on investments, with subject being a random factor, substance administered being a between-subject factor and truthworthiness of partner being a within-subject factor. Kindness, self-esteem, social competence, emotional competence and mental health were included as a covariates as they were found to have an independent influence on investments. Significant (p < .05) multivariate effects were followed up with post-hoc tests with adjustment for multiple comparisons (Bonferroni). 
Supplementary Information

SI Tables
Supplementary Note. These results suggest that the effect of oxytocin on trust behavior is not due to differences in mood, self-reported trust, or affection for human nature. Positive mood, trust and affection for the human nature were measured using questionnaires developed for the purpose of the present study. Participants were then provided with an oral summary of the rules of the game, which were illustrated by several examples (such as those represented in Figure 1 ).
SI Methods
Instructions
All subjects understood the explanations.
Pretest of the trustworthiness of the targets
Partners' descriptions for the trust game were manipulated to induce trust or mistrust. As each description only contained the partner's first name, age, education and main hobby, trust or mistrust was induced on these characteristics only. Trust level inspired by different educations and hobbies was pretested on 20 participants. A pretest highlighted that participants would trust psychology or philosophy students more than marketing or political science students. Similarly, hobbies such as youth movements or first-aid were more trustworthy than hobbies like gambling or violent sports. This trust manipulation appears to have been effective, as we observed a main effect of the type of partner (p < 0.001). Average investment in a trust-inspiring partner was 25.78 EUR while it was down to 15.49 EUR in an unreliable partner.
